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PROBLEM TO BE SOLVED: To improve sensitivity of a semiconductor 
photo device. 

SOLUTION: A photo-IC 1 is constituted of a substrate 2, an epitaxial 
laminate 3, a diffusion layer 4, a passivation film 5, and two electrodes 6 
and 7. The laminate. 3 is composed of a first epitaxial layer 3a formed on 
the surface of the substrate 2 and a second epitaxial layer 3b laminated 
upon the layer 3a. At prescribed spots of the layers 3a and 3b, isolation 
layers 11a and lib are respectively formed. A light receiving section 12 
is constituted of the specific regions of the epitaxial layers 3a and 3b, 
surrounded by the isolation layers 1 la and 1 lb. On the joint surfaces of 
the epitaxial layers 3a and 3b in the light receiving section 12, diffusion 
layers 4 are formed. Therefore, the light receiving section 1 2 is made 
into a laminated structure. 
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* 1 

* NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] When it has the light sensing portion which turns into the surface section of the base which consists 
of the 1 St conductivity-type semi-conductor from the 2nd conductivity-type semi-conductor and light carries 
out incidence to the light sensing portion, it is the semi-conductor photograph device characterized by being 
constituted including two or more euphotic zones by which the laminating of said light sensing portion was 
carried out in the thickness direction of said base in the semi-conductor photograph device which generates 
photoelectromotive force. 

[Claim 2] The euphotic zone located in the maximum table section is a semi-conductor photograph device 
according to claim 1 characterized by only the electrode connection having exposed to an outside surface. 
[Claim 3] It is the semi-conductor photograph device according to claim 1 or 2 which has the epitaxial layer 
which consists of the 2nd conductivity-type semi-conductor formed of epitaxial growth on said base, and said 
light sensing portion is the specific region of said epitaxial layer surrounded by the isolation layer which consists 
of the 1 st conductivity-type semi-conductor, and is characterized by the diffusion layer which consists of the 
1st conductivity-type semi-conductor laid underground in said epitaxial layer intervening between said euphotic 
zones in this field. 

[Claim 4] Said base has the substrate which consists of the 1 st conductivity-type semi-conductor, and the 
epitaxial layer which consists of the 1st conductivity^ype semi-conductor formed of epitaxial growth on the 
substrate. Said light sensing portion The bottom embedded euphotic zone which consists of the 2nd 
conductivity^ype semi-conductor laid underground between said substrates and said epitaxial layers. The semi- 
conductor photograph device according to claim 1 or 2 characterized by having the upside embedded euphotic 
zone laid underground in said epitaxial layer [ above the bottom embedded euphotic zone ], and the diffusion 
layer formed that both embedded euphotic zones should be opened for free passage. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to semi-conductor photograph devices, such as a photodiode and 

a photo transistor. 

[0002] 

[Description of the Prior Art] From the former, semi-conductor photograph devices, such as a photodiode and a 
photo transistor, are known as a component which changes a lightwave signal into an electrical signal. 
[0003] For example, the photodiode has the internal structure as shown in drawing 1 6 (a). The photodiode 51 
shown in this drawing consists of passivation film 54, such as a substrate 52, a light sensing portion 53, and 
silicon oxide, and electrodes 55 and 56. 

[0004] A substrate 52 consists of a n-type semiconductor, and the light sensing portion 53 is constituted by the 
p type semiconductor which impurity diffusion was carried out to the front face of this substrate 52, and was 
formed in it. Moreover, the passivation film 54 and an electrode 55 are formed in the front face of a substrate 
52, and the electrode 56 is formed in the rear face of this substrate 52. 

[0005] In such a photodiode 51, if light carries out incidence to a light sensing portion 53, the light energy will be 
absorbed and photoelectromotive force will occur in a joint (PN junction section) with a substrate 52. Therefore, 
when light carries out incidence, a current will flow between an electrode 55 and an electrode 56. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, the crystal continuity of the semi-conductor for a joint 
57 exposed to the front face of a substrate 52 in the joint of a substrate 52 and a light sensing portion 53 is 
easy to be spoiled so that it may expand to drawing 1 6 (a) and it may be shown, although the front face of a 
substrate 52 is protected by the passivation film 54. For this reason, to a part for this joint 57, the dark current 
(leakage current generated even if light has not carried out incidence) becomes easy to flow compared with 
parts for other joint. And if there is much such the dark current, a ratio (S/N ratio) with a photocurrent (current 
generated when light carries out incidence) will get worse, and effectiveness and the engine performance will fall. 
Therefore, to raise such a S/N ratio and to raise sensibility is desired. 

[0007] However, in said photodiode 51, as shown in drawing 16 (b), the joint of a substrate 52 and a light sensing 
portion 53 has exposed to the front face of a substrate 52 one 4 times the die length of LI of this shown, a part 
for circumferential die length, i.e., this drawing, of a light sensing portion 53. Therefore, in this photodiode 51, the 
dark current will occur by the circumferential die length of a light sensing portion 53. Moreover, as for a 
photocurrent, the yield is decided according to the area of PN junction section. However, since PN junction 
section of a photodiode 51 serves as only an underside side field of a light sensing portion 53, it cannot fully 
generate a photocurrent. 

[0008] S/N ratio sufficient in the conventional photodiode 51 could not be obtained from such a factor, and 
sufficient sensibility was not able to be obtained. If it was under an elevated-temperature situation especially, 
since it became easy to generate the dark current, there was a possibility of stopping achieving the function as a 
photograph device. 

[0009] This invention is made in view of such the actual condition, and the object is in offering the semi- 
conductor photograph device which can raise sensibility. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in invention according 
to claim 1 . it has the light sensing portion which turns into the surface section of the base which consists of the 
1 St conductivity type semi-conductor from the 2nd conductivity type semi-conductor, and when light carries out 
incidence to the light sensing portion, in the semi-conductor photograph device which generates 
photoelectromotive force, said light sensing portion makes it a summary to be constitute including two or more 
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euphotic zones by which the laminating was carried out in the thickness direction of said base. 
[0011] In invention according to claim 2, the euphotic zone located in the maximum ***♦ makes it a summary 
only for the electrode connection to have exposed to an outside surface in a semi-conductor photograph device 
according to claim 1 . 

[0012] In invention according to claim 3, it sets to a semi-conductor photograph device according to claim 1 or 
2, It has the epitaxial layer which consists of the 2nd conductivity-type semi-conductor formed of epitaxial 
growth on said base. Said light sensing portion It is the specific region of said epitaxial layer surrounded by the 
isolation layer which consists of the 1st conductivity-type semi-conductor, and let it be a summary for the 
diffusion layer which consists of the 1st conductivity-type semi-conductor laid underground in said epitaxial 
layer to intervene between said euphotic zones in this field. 

[0013] In invention according to claim 4, it sets to a semi-conductor photograph device according to claim 1 or 
2. Said base It has the substrate which consists of the 1st conductivity-type semi-conductor, and the epitaxial 
layer which consists of the 1 st conductivity-type semi-conductor formed of epitaxial growth on the substrate. 
Said light sensing portion The bottom embedded euphotic zone which consists of the 2nd conductivity-type 
semi-conductor laid underground between said substrates and said epitaxial layers, Let it be a summary to have 
the upside embedded euphotic zone laid underground in said epitaxial layer [ above the bottom embedded 
euphotic zone ], and the diffusion layer formed that both embedded euphotic zones should be opened for free 
passage. 

[0014] Hereafter, "an operation" of this invention is explained. According to invention according to claim 1, the 
light sensing portion is constituted including two or more euphotic zones by which the laminating was carried out 
in the thickness direction of a base. That is, the light sensing portion is constituted by the layered product. For 
this reason, compared with that whose light sensing portion is uni-layer body, the touch area between a base 
and a light sensing portion increases, and a photocurrent (sensibility current) increases. Therefore, a S/N ratio 
can be raised and light-receiving sensibility can be raised. 

[0015] According to invention according to claim 2. only the electrode connection has exposed the euphotic 
zone located in the maximum **♦* from the outside surface. For this reason, the amount which the amount of 
[ between anode cathodes ] joint exposes to a front face decreases. Therefore, the yield of the dark current can 
be decreased and a S/N ratio can be raised. Therefore, light-receiving sensibility can be raised, 
[0016] According to invention according to claim 3, on the base, the epitaxial layer which consists of the 2nd 
conductivity-type semi-conductor formed of epitaxial growth is formed. And an isolation layer is formed in this 
epitaxial layer, and the specific region surrounded by that isolation layer is used as the light sensing portion. 
Furthermore, the light sensing portion is made into the layered product which consists of two or more euphotic 
zones by making a diffusion layer intervene in a light sensing portion. For this reason, the plane-of-composition 
product between a light sensing portion, an isolation layer, and a diffusion layer increases, and a photocurrent 
(sensibility current) increases. Therefore, a S/N ratio can be raised and light-receiving sensibility can be raised. 
[0017] According to invention according to claim 4, the light sensing portion is making the laminated structure by 
the bottom embedded euphotic zone and the upside embedded euphotic zone. For this reason, the plane-of- 
composition product between a light sensing portion and a base increases, and a photocurrent (sensibility 
current) increases. Therefore, a S/N ratio can be raised and light-receiving sensibility can be raised. 
[0018] 

[Embodiment of the Invention] (The 1st operation gestalt) The 1st operation gestalt which materialized the 
semi-conductor photograph device of this invention at Photograph IC is hereafter explained to a detail based on 
drawing 1 - drawing 4 . 

[0019] As shown in drawing 1 (a) and (b). the photograph IC 1 as a semi-conductor photograph device consists 
of a base 2, the epitaxial layered product 3, a diffusion layer 4, passivation film 5. and two electrodes 6 and 7. 
[0020] The base 2 is constituted by the silicon wafer which consists of p mold single crystal silicon as the 1st 
conductivity-type semi-conductor. The epitaxial layered product 3 is formed with n mold single crystal silicon as 
the 2nd conductivity-type semi-conductor. This layered product 3 consists of 1 st epitaxial layer 3a formed in 
the front face of a base 2 of epitaxial growth, and 2nd epitaxial layer 3b by which the laminating was carried out 
on the 1 st epitaxial layer 3a. 

[0021] The isolation layers 1 la and 1 lb which consist of p mold single crystal silicon, respectively are formed in 
the predetermined part of each epitaxial layers 3a and 3b. Isolation layer 1 la is opened for free passage and 
formed in the base 2 from the front face of 1 st epitaxial layer 3a. Moreover, isolation layer 1 1 b is opened for free 
passage and formed in isolation layer 1 la from the front face of 2nd epitaxial layer 3b. Each isolation layers 11a 
and lib are making the shape of a ring which makes the shape of an abbreviation square by plane view, as 
shown in drawing 1 (b). For this reason, each epitaxial layers 3a and 3b are divided by each isolation layers 1 1 a 
and lib. And the light sensing portion 12 is constituted by the specific region of each of these surrounded 
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epitaxial layers 3a and 3b. In addition, as shown in this drawing, one side is set as die length LI, and this die 
length LI is set as 50 micrometers for the light sensing portion 12 in this operation gestalt. 
[0022] The diffusion layer 4 which consists of p mold single crystal silicon is formed in the plane of composition 
of each epitaxial layers 3a and 3b in a light sensing portion 12. This diffusion layer 4 is opened for free passage 
and formed in each isolation layers 11a and lib. Moreover, window part 4a is prepared in a part of this diffusion 
layer 4. Thereby, the light sensing portion 1 2 is in the condition of having made the laminated structure. In 
addition, the passivation film 5 and each electrodes 6 and 7 are omitted, and drawing 1 (b) has shown. 
[0023] The passivation film 5 consists of insulator layers, such as silicon oxide and a silicon nitride, and is 
formed in the front face of 2nd epitaxial layer 3b. That is, insulation protection of the front face of 2nd epitaxial 
layer 3b is carried out with the passivation film 5. Moreover, in the passivation film 5, the electrode 6 which 
consists of metals, such as aluminum, is formed in the part which corresponds with window part 4a of said 
diffusion layer 4. This electrode 6 is joined to 2nd epitaxial layer 3b. Moreover, the electrode 7 which consists of 
metals, such as aluminum, is formed in isolation layer lib and a corresponding part. This electrode 7 is Joined to 
isolation layer 1 lb in the condition of having been isolated with 2nd epitaxial layer 3b. 

[0024] Therefore, a base 2, the isolation layers 11a and 1 lb, and a diffusion layer 4 serve as an anode, and, as 
for the photograph IC 1 constituted in this way. a light sensing portion 12 serves as a cathode. A power source 
is connected to each electrodes 6 and 7 at the time of the activity of this photograph IC 1 . In detail, a plus side 
is connected to an electrode 6 and a minus side is connected to an electrode 7. That is, reverse voltage is 
impressed to a photograph IC 1 . If light carries out incidence to the plane of composition of an anode and a 
cathode in this condition, that light energy will be absorbed, back EMF will be produced, and a reverse current 
will flow between anode cathodes. For this reason, a photograph IC 1 functions as a photodiode. 
[0025] Next, the manufacture procedure of the photograph IC 1 of this operation gestalt is explained according 
to drawing 2 - drawing 4 . First, as shown in drawing 2 (a), 1 st epitaxial layer 3a is formed by making the front 
face of a base 2 carry out epitaxial growth of the n mold single crystal silicon. In addition, in this operation 
gestalt, the thickness of 1st epitaxial layer 3a is set up within the limits of 5-20 micrometers. 
[0026] Then, as shown in drawing 2 (b), silicon oxide 13 is formed in the front face of 1st epitaxial layer 3a. Then, 
opening 13a corresponding to an oxide film 13 is formed with said isolation layer 1 la by performing photo etching 
to this oxide film 13. And to this opening 13a to 1st epitaxial layer 3a, by an ion implantation etc.. boron is driven 
in and thermal diffusion of the boron is carried out further. Consequently, isolation layer 1 la which consists of p 
mold single crystal silicon which is open for free passage from that front face to a base 2 is formed in 1 st 
epitaxial layer 3a. 

[0027] And after etching removes an oxide film 13, as shown in drawing 3 (a), silicon oxide 14 is formed in the 
front face of 1st epitaxial layer 3a. Then, opening 14a corresponding to an oxide film 14 is formed with said 
diffusion layer 4 by performing photo etching to this oxide film 14. And to opening 14a to 1st epitaxial layer 3a, 
by an ion implantation etc., boron is driven in and thermal diffusion of the boron is carried out further. 
Consequently, a diffusion layer 4 is formed in the front face of 1 st epitaxial layer 3a. 

[0028] Then, after etching removes an oxide film 14, as shown in drawing 3 (b), 2nd epitaxial layer 3b is formed in 
the front face of 1st epitaxial layer 3a by carrying out epitaxial growth of the n mold single crystal silicon again. 
In addition, in this operation gestalt, it is set up within the limits of 5-20 micrometers about the thickness of 2nd 
epitaxial layer 3b as well as 1st epitaxial layer 3a. 

[0029] Subsequently, as shown in drawing 4 (a), silicon oxide 1 5 is formed in the front face of 2nd epitaxial layer 
3b. Then, opening 15a corresponding to an oxide film 15 is formed with said isolation layer 1 lb by performing 
photo etching to this oxide film 15. And to this opening 15a to 2nd epitaxial layer 3b, by an ion implantation etc., 
boron is driven in and thermal diffusion of the boron is carried out further. Consequently, isolation layer 1 1 b 
which consists of p mold single crystal silicon which is open for free passage from that front face to isolation 
layer 1 1 a is formed in 2nd epitaxial layer 3b. 

[0030] And after etching removes an oxide film 15, as shown in drawing 1 (a), the passivation film 5, such as 
silicon oxide, is formed in the front face of 2nd epitaxial layer 3b and isolation layer 1 lb. Then, photo etching is 
performed to this passivation film 5, and opening 5a which is open for free passage on the passivation film 5 at 
said 2nd epitaxial layer 3b, and opening 5b which is open for free passage to isolation layer lib are formed. 
Subsequently, after performing sputtering or vacuum deposition of aluminum to the exposed surface of 2nd 
epitaxial layer 3b, and the exposed surface of isolation layer 1 lb, electrodes 6 and 7 are formed by performing a 
photolithography, respectively. Isolation layer lib and the isolated electrode 6 are joined to 2nd epitaxial layer 3b 
by this, and 2nd epitaxial layer 3b and the isolated electrode 7 are joined to isolation layer 1 1 b. 
[0031] Therefore, in the photograph IC 1 constituted in this way, it becomes a laminated structure containing the 
euphotic zone which a light sensing portion 12 becomes from 1st epitaxial layer 3a accor^ding to a diffusion layer 
4, and the euphotic zone which consists of 2nd epitaxial layer 3b. For this reason, the plane-of-composition 
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product of an anode and a cathode increases rather than said conventional photodiode 51. Usually, the light- 
receiving sensibility of a photograph device may come to be proportional to the touch area of an anode and a 
cathode. For this reason, according to the photograph IC 1 of this operation gestalt, the amount in which a 
photocurrent (sensibility current) flows will increase. Consequently, the S/N ratio which is a ratio of the dark 
current and a photocurrent can improve, and the sensibility of a photograph IC 1 can be raised. 
[0032] Therefore, according to this operation gestalt, the following effectiveness can be acquired. 
(1) The diffusion layer 4 is laid underground between each epitaxial layer 3a used as a light sensing portion 12, 
and 3b. For this reason, the light sensing portion 12 is in the condition that the laminating of the two euphotic 
zones was carried out in the thickness direction of a base 2. Therefore, compared with that whose light sensing 
portion 1 2 is uniHayer body, as for this photograph IC 1 , the touch area between an anode (a base 2, the 
isolation layers 11a and lib, and buried layer) and a cathode (light sensing portion 12) increases. Therefore, the 
photocurrent (sensibility current) which flows between anode cathodes increases. Consequently, according to 
this photograph IC 1, a S/N ratio can be raised and light-receiving sensibility can be raised. 
[0033] (2) The thickness of the 1st and 2nd epitaxial layers 3a and 3b is set up within the limits of 5-20 
micrometers. For this reason, the incidence of the light to these epitaxial layers 3a and 3b can fully be secured, 
and lowering of the light-receiving sensibility resulting from the thickness of epitaxial layers 3a and 3b can be 
prevented certainly. 

[0034] (3) With this operation gestalt. since the isolation layers 1 la and lib are formed in the base 2. the part 
surrounded by the isolation layers 11a and 1 1 b in the 1 st and 2nd epitaxial layers 3a and 3b can be operated as 
a photodiode. And other components (for example, a photo transistor, a transistor, etc.) can be formed in the 
exterior of these isolation layers 11a and 11b. 

[0035] In addition, this 1 st operation gestalt may be changed as follows. 

- With said operation gestalt, the isolation layers 11a and lib are formed according to an individual to each 
epitaxial layers 3a and 3b. However, as shown in drawing 5 . these isolation layers 1 1 a and 1 1 b may be changed 
into the isolation layer 1 1 which is open for free passage from the front face of 2nd epitaxial layer 3b to a base 
2. In this case, the manufacture procedure of a photograph IC 1 forms a diffusion layer 4 in the front face of this 
epitaxial layer 3a, after forming 1 st epitaxial layer 3a in the front face of a base 2 first, as shown in drawing 6 (a). 
Then, as shown in drawing 6 (b). 2nd epitaxial layer 3b is formed. And as shown in drawing 6 (c), the isolation 
layer 1 1 which is open for free passage from the front face of 2nd epitaxial layer 3b to a base 2 is formed. 
[0036] If it does in this way, a production process can be simplified compared with the photograph IC 1 of the 

I st operation gestalt. 

(The 2nd operation gestalt) Next, the 2nd operation gestalt which materialized the semi-conductor photograph 
device of this invention at Photograph IC is explained based on drawing 7 and drawing 8 . In addition, in this 
operation gestalt, it only supposes that it is to mainly describe the point which is different from the 1 st operation 
gestalt, and to attach the same member number about a common point, and the explanation is omitted. 
[0037] As shown in drawing 7 (a), the diffusion layer 1 6 to which the photograph IC 1 of this operation gestalt 
becomes the front face of 2nd epitaxial layer 3b from a p type semiconductor in addition to the configuration of 
the photograph IC 1 of said 1 st operation gestalt is formed. 

[0038] This diffusion layer 16 is opened for free passage and formed in isolation layer lib. Moreover, window 
part 1 6a is prepared in this diffusion layer 1 6 so that it may combine with drawing 7 (b) and may be shown. As 
for this window part 16a, nothing and one side are set as die length L2 in the shape of an abbreviation square. 
Fellow student section 16a is prepared in said electrode 6 and the corresponding location. Therefore, it exposes 
to a front face only from window part 1 6a, and 2nd epitaxial layer 3b is joined to the electrode 6. Namely, 2nd 
epitaxial layer 3b is in the condition that only the connection with an electrode 6 exposed to the front face. In 
addition, in this operation gestalt, die length L2 is set as 1 2.5 micrometers. 

[0039] Next, the manufacture procedure of the photograph IC 1 of this operation gestalt is explained. First, as 
said 1 st operation gestalt described, each process shown in drawing 2 - drawing 4 is performed one by one. And 
after removing the silicon oxide 15 shown in drawing 4 . as shown in drawing 8 R> 8. silicon oxide 17 is formed in 
the front face of 2nd epitaxial layer 3b. Then, opening 1 7a corresponding to an oxide film 1 7 is formed with said 
diffusion layer 16 by performing photo etching to this oxide film 17. Then, to opening 17a to 2nd epitaxial layer 
3b, by an ion implantation etc., boron is driven in and thermal diffusion of the boron is carried out further. 
Consequently, a diffusion layer 16 is formed in the front face of 2nd epitaxial layer 3b. 

[0040] And after etching removes an oxide film 1 7, as shown in drawing 7 (a), the passivation film 5, such as 
silicon oxide, is formed in 2nd epitaxial layer 3b, isolation layer 1 1 b, and the front face of a diffusion layer 1 6. 
Then, photo etching is performed to this passivation film 5, and opening 5a which is open for free passage on the 
passivation film 5 at said 2nd epitaxial layer 3b, and opening 5b which is open for free passage to isolation layer 

I I b are formed. Subsequently, after performing sputtering or vacuum deposition of aluminum to the exposed 
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surface of 2nd epitaxial layer 3b. and the exposed surface of isolation layer 1 1 b. electrodes 6 and 7 are formed 
by performing a photolithography, respectively. A diffusion layer 16 and the isolated electrode 6 are joined to 2nd 
epitaxial layer 3b by this, and 2nd epitaxial layer 3b and the isolated electrode 7 are Joined to isolation layer lib. 
[0041] Therefore, in the photograph IC 1 constituted in this way, it becomes a laminated structure containing the 
feuphotic zone which a light sensing portion 12 becomes from 1st epitaxial layer 3a according to a diffusion layer 
4, and the euphotic zone which consists of 2nd epitaxial layer 3b. For this reason, the plane-of-composition 
product of an anode and a cathode increases rather than said conventional photodiode 51. And since the 
diffusion layer 16 is formed in the front face of 2nd epitaxial layer 3b. the plane-of-composition product of an 
anode and a cathode will increase more, and the amount in which a photocurrent (sensibility current) flows will 
increase more. 

[0042] Furthermore, the area of the light sensing portion 1 2 exposed to a front face according to a diffusion 
layer 16 is small. For this reason, the circumferential die length for the joint of the anode and cathode which are 
exposed to a front face (a part for i.e., the joint of 2nd epitaxial layer 3b and a diffusion layer 1 6) is also short. 
With this operation gestalt, die length of one side of the light sensing portion 1 2 exposed to a front face is set as 
L2. Therefore, the circumferential die length for this joint turns into die length 4 times the die length of L2. And 
the circumferential die length of this joint is set as the die length of the quadrant of the circumference (die 
length 4 times the die length of LI) of the light sensing portion 12 exposed to a front face in said 1st operation 
gestalt. For this reason, the amount which the dark current generates decreases a quadrant grade. 
[0043] These results, a S/N ratio improves more and the sensibility of a photograph IC 1 improves more. 
Therefore, according to this operation gestalt, in addition to the effectiveness of a publication, the following 
effectiveness can be acquired to above-mentioned (1) - (3) in said 1st operation gestalt. 

[0044] (4) Since the diffusion layer 1 6 is formed in the front face of 2nd epitaxial layer 3b, only in the plane-of- 
composition integral of 2nd epitaxial layer 3b and a diffusion layer 1 6, the plane-of-composition product between 
anode cathodes increases. Therefore, a photocurrent (sensibility current) comes to flow further from the 
photograph IC 1 of said 1 st operation gestalt. 

[0045] And 2nd epitaxial layer of 12 casks of light sensing portions 3b is in the condition that only the 
connection with an electrode 6 exposed to the front face. Therefore, the amount of [ between the anode 
cathodes exposed to a front face ] joint decreases. Therefore, the yield of the dark current can be reduced. 
[0046] These results, a S/N ratio can be raised more and the sensibility of a photograph IC 1 can be raised 
more. 

(The 3rd operation gestalt) Next, the 3rd operation gestalt which materialized the semi-conductor photograph 
device of this invention to the photodiode is explained based on drawing 9 - drawing 1 1 . 

[0047] As shown in drawing 9 (a) and (b), the photodiode 21 as a semi-conductor photograph device consists of 
a base 22. a light sensing portion 23, passivation film 24, and two electrodes 25 and 26. 

[0048] The base 22 consists of substrate 22a which consists of n mold single crystal silicon of field bearing (1 10) 
as the 1st conductivity-type semi-conductor, and epitaxial layer 22b which consists of n mold single crystal 
silicon formed in the front face of the substrate 22a of epitaxial growth. 

[0049] A light sensing portion 23 is bottom embedded euphotic zone (bottom euphotic zone) 23a and an upside 
embedded euphotic zone (it has upside euphotic zone 23b and diffusion layer 23c.). Each class 23a-23c is 
formed with p mold single crystal silicon as the 2nd conductivity-type semi-conductor, respectively. Bottom 
euphotic zone 23a is laid underground between substrate 22a and epitaxial layer 22b, Upside euphotic zone 23b 
is laid under the front face of epitaxial layer 22b. As shown in drawing 9 (b), each euphotic zones 23a and 23b 
are making the shape of an abbreviation square by which one side was set as die length LI by plane view, 
respectively. Between each euphotic zone 23a and 23b, diffusion layer 23c is open for free passage, and is 
formed. In addition, the passivation film 24 and an electrode 25 are omitted, and drawing 9 (b) has shown. 
[0050] The passivation film 24 consists of insulator layers, such as silicon oxide and a silicon nitride, and is 
formed in the front face of epitaxial layer 22b. That is, insulation protection of the front face of epitaxial layer 
22b is carried out with the passivation film 24, Moreover, the electrode 25 which consists of metals, such as 
aluminum, is formed in some passivation film 24. This electrode 25 is joined to diffusion layer 23c in the condition 
of having insulated with epitaxial layer 22b. Moreover, the electrode 26 is joined to the rear face of substrate 
22a. 

[0051] Therefore, a light sensing portion 23 serves as an anode, and, as for the photodiode 21 constituted in this 
way, a base 22 serves as a cathode. A power source is connected to each electrodes 25 and 26 at the time of 
the activity of this photodiode 21. In detail, minus is connected to an electrode 25 and plus is connected to an 
electrode 26. That is, reverse voltage is impressed to a photodiode 21. If light carries out incidence to the plane 
of composition of an anode and a cathode in this condition, that light energy will be absorbed, back EMF will be 
produced, and a reverse current will fiow between anode cathodes. 
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[0052] Next, the manufacture procedure of the photodiode 21 of this operation gestalt is explained according to 
drawing 10 and drawing 1 1 . First, as shown in drawing 10 (a), silicon oxide 27 is formed in the front face of 
substrate 22a. Then, opening 27a corresponding to this oxide film 27 is formed with said bottom euphotic zone 
23a by performing photo etching to an oxide film 27. 

[0053] Subsequently, as shown in drawing 10 (b), to substrate 22a, by an ion implantation etc.. boron is driven in 
from opening 27a and thermal diffusion of the boron is carried out further. Consequently, bottom euphotic zone 
23a is formed in the predetermined field of the front face of substrate 22a. 

[0054] Then, after etching removes an oxide film 27. as shown in drawing 1 1 (a), epitaxial layer 22b is formed by 
making the front face of substrate 22a carry out epitaxial growth of the n mold single crystal silicon. 
Consequently, while bottom euphotic zone 23a will be in the condition of having been embedded between 
substrate 22a and epitaxial layer 22b. the base 22 which consists of substrate 22a and epitaxial layer 22b is 
formed. In addition, in this operation gestalt. the thickness of epitaxial layer 22b is set as 5-20 micrometers. 
[0055] Next, as shown in drawing 1 1 (b). silicon oxide 28 is formed in the front face of epitaxial layer 22b. Then, 
opening 28a corresponding to this oxide film 28 is formed with said diffusion layer 23c by performing photo 
etching to this oxide film 28. And to this opening 28a to epitaxial layer 22b, by an ion implantation etc., boron is 
driven in and thermal diffusion of that boron is carried out further. Consequently, diffusion layer 23c which is 
open for fi^ee passage from that front face to bottom euphotic zone 23a is formed in epitaxial layer 22b. 
[0056] Subsequently, after etching removes an oxide film 28, as shown in drawing 1 1 (c). silicon oxide 29 is again 
formed in the front face of epitaxial layer 22b. Then, opening 29a corresponding to this oxide film 29 is formed 
with said upside euphotic zone 23b by performing photo etching to this oxide film 29. And to this opening 29a to 
epitaxial layer 22b. by an ion implantation etc., boron is driven in and thermal diffusion of that boron is carried 
out further. Consequently, upside euphotic zone 23b which is open for free passage from that front face to 
diffusion layer 23c is formed in epitaxial layer 22b. 

[0057] And after etching removes an oxide film 29, as shown in drawing 9 (a), the passivation film 24. such as 
silicon oxide, is formed in the front face of epitaxial layer 22b and upside euphotic zone 23b. Then, photo etching 
is performed to this passivation film 24, and opening 24a which is open for free passage on the passivation film 
24 at said upside euphotic zone 23b is formed. Subsequently, after performing sputtering or vacuum deposition 
of aluminum to the exposed surface of upside euphotic zone 23b, an electrode 25 is formed by performing a 
photolithography. Thereby, epitaxial layer 22b and the isolated electrode 25 are joined to upside euphotic zone 
23b. 

[0058] Therefore, in the photodiode 21 constituted in this way, the laminated structure by which two euphotic 
zones 23a and 23b were accumulated up and down into the base 22 is made. For this reason, the plane-of- 
composition product of an anode and a cathode increases rather than said conventional photodiode 51. In detail, 
in addition to the top face of bottom euphotic zone 23a, in said conventional photodiode 51, the peripheral face 
of diffusion layer 23c and the underside of upside euphotic zone 23b also contact a base 2 in this photodiode 1 
to the contact section of a light sensing portion 53 and a substrate 52 having been only the underside of a light 
sensing portion 53. For this reason, that touch area will increase by about about 3 times. Therefore, the amount 
in which a photocurrent (sensibility current) flows will increase. Consequently, a S/N ratio improves and the 
sensibility of a photodiode 21 improves by about 3 times. 

[0059] Therefore, according to this operation gestalt. in addition to the effectiveness of a publication, the 
following effectiveness can be acquired to the above (1) in said 1st operation gestalt, and (2). 
(5) The light sensing portion 23 is constituted by the laminating structure which consists of bottom euphotic 
zone 23a. upside euphotic zone 23b. and diffusion layer 23c. And this light sensing portion 23 is laid underground 
in the base 22. where the top face of upside euphotic zone 23b is exposed, for this reason, bottom euphotic 
zone 23a and diffusion layer 23c — the whole surface and the underside of upside euphotic zone 23b can be 
mostly contacted to a base 2. That is, the touch area between anode cathodes can be increased. Therefore, a 
photocurrent can be increased, a S/N ratio can be raised and the sensibility of a photodiode 21 can be raised. 
(The 4th operation gestalt) Next, the 4th operation gestalt which materialized the semi-conductor photograph 
device of this invention to the photodiode is explained based on drawing 12 and drawing 13 . In addition, in this 
operation gestalt, it only supposes that it is to mainly describe the point which is different from the 3rd 
operation gestalt, and to attach the same member number about a common point, and the explanation is omitted. 

[0060] As shown in drawing 12 (a), as for the photodiode 21 of this operation gestalt, in addition to the 
configuration of the photodiode 21 of said 3rd operation gestalt, epitaxial layer 22c and 23d of diffusion layers 
are further formed in the front face of said epitaxial layer 22b. 

[0061] In detail, as shown in this drawing, the base 22 consists of said substrate 22a, said epitaxial layer (1st 
epitaxial layer) 22b, and 2nd epitaxial layer 22c. That is, the base 22 is equipped with the epitaxial layered 
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product. 2nd epitaxial layer 22c is formed by making the front face of 1 st epitaxial layer 22b carry out epitaxial 
growth of the n mold single crystal silicon. For this reason, said upside euphotic zone 23b is in the condition of 
having been laid underground between 1 st epitaxial layer 22b and 2nd epitaxial layer 22c. 

[0062] Moreover, the light sensing portion 23 consists of bottom euphotic zone 23a, upside euphotic zone 23b, 
diffusion layer (bottom diffusion layer) 23c, and 23d of upside diffusion layers. 23d of upside diffusion layers is 
opened for free passage and formed in upside euphotic zone 23b from this epitaxial layer 22c front face in 2nd 
epitaxial layer 22c. As shown in drawing 12 (b), as for 23d of besides side diffusion layers, nothing and one side 
are set as die length L2 in the shape of an abbreviation square by plane view. Moreover, 23d of side diffusion 
layers same as the above is formed in said electrode 25 and the corresponding location. Therefore, only 23d of 
upside diffusion layers is exposed to the front face of 2nd epitaxial layer 22c, and it is joined to the electrode 25. 
That is, only the connection with the electrode 25 in a light sensing portion 23 has exposed to the front face of 
a base 22. 

[0063] Therefore, as for the photodiode 21 constituted in this way, like said 3rd operation gestalt, a light sensing 
portion 23 serves as an anode, and a base 22 serves as a cathode. And if light carries out incidence to the plane 
of composition of an anode and a cathode where reverse voltage is impressed to this photodiode 21, that light 
energy will be absorbed, back EMF will be produced, and a reverse current will flow between anode cathodes. 
[0064] Next, the manufacture procedure of the photodiode 21 of this operation gestalt is explained according to 
drawing 13 . First, as said 3rd operation gestalt described, each process shown in drawing 10 and drawing 1 1 is 
performed one by one. And after removing the silicon oxide 29 shown in drawing 1 1 (c), as shown in drawing 13 
(a), 2nd epitaxial layer 22c is formed by making the front face of 1 st epitaxial layer 22b carry out epitaxial growth 
of the n mold single crystal silicon further. 

[0065] Then, silicon oxide 30 is formed in the front face of the 2nd epitaxial layer 22c. Then, opening 30a 
corresponding to this oxide film 30 is formed with 23d of said upside diffusion layers by performing photo etching 
to an oxide film 30. 

[0066] Subsequently, to this opening 30a to 2nd epitaxial layer 22c, by an ion implantation etc., boron is driven in 
and thermal diffusion of that boron is carried out further. Consequently, 23d of upside diffusion layers which are 
open for free passage from that front face to upside euphotic zone 23b is formed in 2nd epitaxial layer 22c. 
[0067] And after etching removes an oxide film 30. as shown in drawing 12 (a), said passivation film 24 is formed 
in the front face of 2nd epitaxial layer 22c and 23d of upside diffusion layers. Then, photo etching is performed 
to this passivation film 24, and opening 24a which is open for free passage on the passivation film 24 at 23d of 
said upside diffusion layers is formed. Subsequently, said electrode 25 is formed in the exposed surface of 23d of 
upside diffusion layers. Thereby, the isolated electrode 25 is joined to 2nd epitaxial layer 22c by 23d of upside 
diffusion layers, 

[0068] Therefore, in the photodiode 21 constituted in this way, the laminated structure by which two euphotic 
zones 23a and 23b were accumulated up and down into the base 22 is made like said 3rd operation gestalt. For 
this reason, the plane-of-composition product of an anode and a cathode increases rather than said 
conventional photodiode 51. And in this operation gestalt, since both the euphotic zones 23a and 23b are laid 
underground in the base 22, it is in contact with the base 22 in the top-face side of upside euphotic zone 23b. 
Therefore, the plane-of-composition product of an anode and a cathode will increase more, and the amount in 
which a photocurrent (sensibility current) flows will increase more. 

[0069] Furthermore, in the front face of 2nd epitaxial layer 22c, it is in the condition that only 23d of upside 
diffusion layers was exposed. For this reason, the circumferential die length for the joint of the anode and 
cathode which are exposed to a front face (a part for i.e., a 2nd epitaxial layer 22c and 23d [ of diffusion layers ] 
joint) is also short. Therefore, the yield of the dark current can be reduced. 

[0070] These results, a S/N ratio improves more and the sensibility of a photograph IC 1 improves more. 
Therefore, according to this operation gestalt, in addition to the effectiveness of a publication, the following 
effectiveness can be acquired to the above (1) in said **** operation gestalt, (2), and (5). 
[0071] (6) A light sensing portion 23 is in the condition that only 23d of upside diffusion layers as an electrode 
connection was exposed to the front face of 2nd epitaxial layer 22c, and is laid underground in the base 22. For 
this reason, the top--face side of upside euphotic zone 23b can also be contacted to 2nd epitaxial layer of 
cathode slack 22c. Therefore, since the plane-of-composition product between anode cathodes increases more, 
a photocurrent (sensibility current) comes to flow further rather than the photodiode 21 of said 3rd operation 
gestalt. 

[0072] And since the amount of [ of the anode and cathode which are exposed to the front face of 2nd epitaxial 
layer 22c ] joint decreases compared with said 3rd operation gestalt, the yield of the dark current can be 
reduced. 

[0073] These results, a S/N ratio can be raised more and the sensibility of a photodiode 21 can be raised more. 
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In addition, the operation gestalt of this invention may be changed as follows. 

[0074] - With said 1st and 2nd operation gestalt, the layered product by the euphotic zone which consists of the 
1 St and 2nd epitaxial layers 3a and 3b is used as a light sensing portion 1 2. If it puts in another way, the light 
sensing portion 12 consists of two-layer layered products. However, this light sensing portion 12 is not 
restricted to a two-layer layered product. For example, as shown in drawing 14 , while forming 3rd epitaxial layer 
3c in the front face of 2nd epitaxial layer 3b further, isolation layer 1 1c and a diffusion layer 31 are formed in this 
3rd epitaxial layer 3c. And the layered product of three layers which contains this 3rd epitaxial layer 3c as a 
euphotic zone may constitute a light sensing portion 12. If it does in this way, the light-receiving sensibility of a 
photograph IC 1 can be raised further. Moreover, a light sensing portion 12 may consist of layered products of 
four or more layers. 

[0075] - With said 3rd and 4th operation gestalt. the light sensing portion 23 which serves as a two-layer layered 
product by bottom euphotic zone 23a and upside euphotic zone 23b is used. However, this light sensing portion 
23 is not restricted to a two-layer layered product. For example, as shown in drawing 15 , euphotic zone 23e is 
further formed in the front face of 2nd epitaxial layer 22c. And the layered product containing this euphotic zone 
23e of three layers may constitute a light sensing portion 23. If it does in this way, the light-receiving sensibility 
of a photodiode 21 can be raised further. Moreover, a light sensing portion 23 may consist of layered products of 
four or more layers. 

[0076] - The photodiode is formed in a photograph IC 1 with said 1st and 2nd operation gestalt. However, it may 
replace with this and a photo transistor may be formed. Moreover, the photodiode 21 materialized with said 3rd 
and 4th operation gestalt may be materialized to a photo transistor. In addition, shape may be taken to photo 
detectors for optical communication, such as not only a photo transistor but an PIN photodiode, and an 
avalanche photodiode, a photo transistor, a photo thyristor, etc. 

[0077] - Although the 1st conductivity-type semi-conductor is used as n mold single crystal silicon and the 2nd 
conductivity--type semi-conductor is used as p mold single crystal silicon with said 1 st and 2nd operation 
gestalt. it is good also considering these as reverse. That is, p mold single crystal silicon and the 2nd 
conductivity-type semi-conductor may be materialized for the 1st conductivity-type semi-conductor as n mold 
single crystal silicon. 

[0078] Moreover, although the 1 st conductivity-type semi-conductor is used as p mold single crystal silicon and 
the 2nd conductivity-type semi-conductor is used as n mold single crystal silicon with said 3rd and 4th 
operation gestalt, it is good also considering these as reverse. That is. n mold single crystal silicon and the 2nd 
conductivity-^ype semi-conductor may be materialized for the 1st conductivity^ype semi-conductor as p mold 
single crystal silicon. 

[0079] - Substrate 22a in said 3rd and 4th operation gestalt is not limited to the substrate of field bearing (1 10). 
That is, a substrate, a substrate (100), etc. may be used as substrate 22a, for example (111). 
[0080] - The ingredient which forms each electrodes 6, 7, 25, and 26 is not limited to aluminum. That is. gold etc. 
may be used. 

- With said 1st and 2nd operation gestalt, although epitaxial layers 3a and 3b are formed with n mold single 
crystal silicon, it may replace with this, for example, you may form with n mold polycrystalline silicon and an 
amorphous silicon. 

[0081] - Although epitaxial layers 3a-3c and the thickness of 22b and 22c are set as 5-20 micrometers with said 
each operation gestalt, this thickness should just be within the limits of 1-30 micrometers. 
[0082] Next, the technical thought grasped according to the operation gestalt mentioned above is enumerated 
below with the effectiveness besides the technical thought indicated by the claim. 

(1) In the semi-conductor photograph device according to claim 2, the exposed surface of said euphotic zone 
should be set as magnitude equivalent to the electrode joined to the exposed surface. It becomes possible [ the 
junction nature of a diffusion layer and an electrode ] to maintain good, controlling generating of the dark current 
by setting the exposed surface of a diffusion layer as magnitude indispensable for junction to an electrode 
according to invention given in this technical thought (1). 

[0083] (2) In a semi-conductor photograph device according to claim 3, said 1st conductivity-type semi- 
conductor should consist of a p type semiconductor, and said 2nd conductivity-type semi-conductor should 
consist of a n-type semiconductor. 

(3) In a semi-conductor photograph device according to claim 4, said 1st conductivity-type semi-conductor 
should consist of a n-type semiconductor, and said 2nd conductivity-type semi-conductor should consist of a p 
type semiconductor. 

[0084] (4) In a semi-conductor photograph device given in claims 1-4 and any 1 term of technical thought (1) - 
(3), the semi-conductor photograph device concerned should be the photograph IC including the function of a 
photodiode, or the photodiode itself. 
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[0085] (5) In a semi-conductor photograph device given in claims 1-4 and any 1 term of technical thought (1) - 

(4). said 1 St and 2nd conductivity-type semi-conductor should be silicon. 

[0086] 

[Effect of the Invention] As explained in full detail above, according to Invention according to claim 1 to 4, light- 
Peceiving sensibility can be raised. 

[0087] According to invention according to claim 2, the yield of the dark current can be reduced and light- 
receiving sensibility can be raised more. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] For (a), the sectional view showing the 1st operation gestalt which materialized the semi-conductor 
photograph device of this invention at Photograph IC. and (b) are the top view of the photograph IC of this 
operation gestalt. 

[Drawing 2] (a) and (b) are the sectional view showing the manufacture procedure of the photograph IC of this 
operation gestalt. 

[Drawing 3] (a) and (b) are the sectional view showing the manufacture procedure of the photograph IC of this 
operation gestalt. 

[Drawing 4] The sectional view showing the manufacture procedure of the photograph IC of this operation 
gestalt. 

[Drawing 5] The sectional view of the photograph IC of other operation gestalten. 

[Drawing 6] (a) - (c) is the sectional view showing the manufacture procedure of the photograph IC of this 
operation gestalt. 

[Drawing 7] For (a), the sectional view showing the photograph IC of the 2nd operation gestalt and (b) are the 
top view of the photograph IC of this operation gestalt. 

[Drawing 8] The sectional view showing the manufacture procedure of this operation gestalt. 
[Drawing 9] For (a), the sectional view showing the 3rd operation gestalt which materialized the semi-conductor 
photograph device of this invention to the photodiode, and (b) are the top view of the photodiode of this 
operation gestalt. 

[Drawing 10] (a) and (b) are the sectional view showing the manufacture procedure of the photodiode of this 
operation gestalt. 

[Drawing 1 1] (a) - (c) is the sectional view showing the manufacture procedure of the photodiode of this 
operation gestalt. 

[Drawing 12] For (a), the sectional view showing the photodiode of the 4th operation gestalt and (b) are the top 
view of the photodiode of this operation gestalt. 

[Drawing 13] (a) and (b) are the sectional view showing the manufacture procedure of the photodiode of this 
operation gestalt. 

[Drawing 14] The sectional view showing other operation gestalten which materialized the semi-conductor 
photograph device of this invention at Photograph IC. 

[Drawing 15] The sectional view showing other operation gestalten which materialized the semi-conductor 
photograph device of this invention to the photodiode. 

[Drawing 16] For (a), the outline sectional view showing the photodiode as a conventional semi-conductor 
photograph device and (b) are the outline top view. 
[Description of Notations] 

1 [ — A diffusion layer. 3a / — The 1st epitaxial layer. 3b / — The 2nd epitaxial layer, 11. 11a. lib / — 12 An 
isolation layer, 23 / — A light sensing portion, 16 / — A diffusion layer, 21 / — A photodiode. 22a / — A 
substrate, 22b / — (the 1st) An epitaxial layer, 23a / — A bottom euphotic zone, 23b / — An upside euphotic 
zone, 23c, 23d / — Diffusion layer. ] — 2 Photograph IC, 22 — A base, 3 — An epitaxial layered product. 4 
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^^mt , m 1 6 ^j: T >^ V U - 3 > 

S J: o T-Sffl S n it Buiex f 5f + + ;l' Jl ©#5£«I^ 

if + + ;mF*9 teas: ^ n/cM 1 mmm^mm^ htt 4 
[0013] g8*:«4 tcgs«S©^wr«. IB^JOI i s/c 

itc X f i» + + ;ufi£gcc J: r jfJfiJE § n/cS^ 1 ««a 
i|iig#*i?,!tc-&xb'^+i'i.;V®t?:^U. BiliBSTfegR 

u . tifia«l5 <!: Biriax k- 4» + + ^i.® i © r^i tca^ $ ti 

?'c^2!S^M¥«»*'6<tSTffliJmS*Jl<!:. -eOT 

tfiJaiiiS5fe)B©±:*{c*ji » trftriax t ;s» ^ juirt {c 

[0 0 14] jj(T. *^© rf^fflj «:oi,>TiftBj-r 
v^-mt^icmm ^n/c1g|gt©s*B*#^T'^^3n-c 

[0 0 1 5] §a^2(cta«)t©l&B^(C<j:.S>^..£^S|i(C 
{4g-r555tJS», «l^gig|5©***i^a®*^e.SWL. 30 

-cu-s. c©fcs{), ry- F • * V- Fra©g-&S|5^*s 

J:r>X. S3feJSS€rl^Jb3^±SCt3!is-CSfS. 
[0016] i»:*:^3«:ieSS©lfeBJK:J:S S{$±tc 
xb-$+i^+;HiXS4cJ;-p-CJ^fiS(iSn/clS2«SM 
^l^f*3!p?)!5tSxfd»+e^i.;WJl*iJg^$n-Ct>4, 

tEmi,Ct(.Cj:-:,X. S:7tS|5?:1g«it©S3tIlA>e.^lS 

>JlRCXfe|ifBi©ra©S^®a*«iAL, 3tSSfe (!® 
S«SSS) J;o-C, S/Nth^l*l±3-l*SCi 

[0017] n^4t^%mo>§iWCJ:^t, STfeSP 

iS^r^fLTUS. C©?c8?)> S3tS|l<!:»{*<!:©rBl©Jg^ 

S/Ntt4lSl±$1±SC<!:*i-C#, S3t!Se4|6l±$l3- 50 
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[0018] 

[0019]Ell(a), (b) tcir:t-j;'5lc, 

V'fJ^'C^ti^XOV it h 1 C 1 ai*2. xf 

[oo20]Sf*2«. m\mmM^mmt\^x<ovm. 

inXK^i,. X fiJ^^^i^-f 3 »2^^^*^ 
<*i L-C©nS2mi^Si^'J 3>{Cj:^r?gfi5E3ti-CC» 
5. l5iaB*ic3«. SW2©*ffiK:xb-5»+;^ + ;uj5Kg 
K:j:-:>-CJf5KK3nfc||l xfi'=f i'i';UB3 ai> ■?■© 
^1 xf^'^^i'-i'Jl'BS a±M:a®3n/cll2xf5» + 

[0 02 1 ] #xb-^4^i/+Jl/B3 a. 3b©^3ee0f 

tcoj. n-en p §!!m*ss-> ^ e>^r s r -f y b - 

t^a>Blla. 1 1 b*i?^fi)i3n-Cl>-5>. T-f VU- 
t'3>Bl la». mixti» + *^i.;UB3a©«B*> 

->a>Bl Ibti. »2xb-i' + ->i.;UJ13 b©^®3!P 

p>r-f vu-j^3>Bi 1 atcii3iL.r?i5fiSsn-ci,> 

■5., -ST -I' V a >B 1 1 a , 1 1 b ti> S 1 

( b ) tcs^-r J: ^ ic. ^sta-rBSiE:^j^«r^c-r 'j > 

£©/£». Sxb**+S^ + ^UB3 a. 
3 bli. §T-^VU-i^3>B 1 1 a. 1 1 btCi^-C 
;»»r3n-CI,»S. -eO-r. C©^H§*ayt#xb-5r+t^ 
t^UBS a. 3 b©!^S^J«K:j;-:.-CS3l£SPl 2*s«RS 

1 «5 0 Mii*c^:£$n-ri^-5>. 

[002 2] S^feSPl 2{c4i}lt4Sxb-5f+5^r^l/B3 

a. 3b©^f^®{ci*. psmo^->';=i>*i?.^csa; 
tfeB4*3fl$fi)c3nri,»5. c©t£t5iJi4W. -Sr-fvp 

-i^3>Blla. 1 1 bCcaaL/rj^^§n-Ct»S. 

S/c, |SIteft!5)14©-SPtC«, ^.SP4a*^^W6n-CCi 

C nic J: 0 . S3t6|l 1 2 ti i, 

i^Co-Ct^-S. 01 (b) r»> 3 

[0 02 3] At,j^-<-->3>|lS5«. i";3>KftM 
>J :3 >S<tMI|©*fe#S*^ 6 ?i f) . m 2 X b- d» ^i/- 
+ ;UB3 b©«®K:JKfi£§n-CI,iS. r^Ctofe. fl2x 
b-^ 1- jUB 3 b ©«B«>'^• y 3 »!g 5 CC J; 

^■CirfelSt^S3n-rt,^-6. S/c. ^^•^>^>•^-i^3>JS5 
«:fel,»rHiria*ttJtB4©^g|54 a ijfflS-r -5 fiSSftClJ, 
T^i/ 5 - -i; A^©#)a A> 6 !i .S) 6 *5jfJs!<; 3 nt:i ^ 
C©mffi6«»2xb5f + i^i.;bB3 btc3g-^$ti 
T-<VU— >a>Bl 1 b i^ttCf-Sti 



(4) 
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[0 0 2 4] Ufc5!^or. ccojz'iiicmf&'ititcy^v 

IC1«, »<*2. T-/Vb-t^3>lil 1 a. 11 
-H<i:3^j:^o CCD:7* h I C 1 cr)^B#OCli. 

6. 7ic«as*5Si!^sna. i*u<«. sseccy^;;^ 
0. h 1 c 1 i^cnoxmmBfj^wm^tiho c(o^ 

[0 02 5] ^j^Cc, :*:^?^SIcd:7 :r H C 1 OKS^ 
)I@^S2-04Ccfi^oTSi9Bt"'S. 132 (a) «: 
7T^-rJ:^«:. nM#*SH^i^U=i>^S»2cD^M«:xf 

[0 0 2 6 ];g5C^T. H2 (b) oc^]^rJ:^tc. mix 
f^:^c^^;ua3 aCD^Btc$xi;n>®<tKl S^B^ 

:s^^f ^ciccjzoT. m^kBii 3 «:ByiBr>rvw-t^ 3 
>Bi 1 a<t>(^jsu/cBapsei 3 a^ffj^-r^. -eu 

EJPgpSSl 3 a35P^^lxt::$r=^->i';Hi3 aCC*f 

i^Jl-HS aCclJ. ■^cr)^B5*^?>S<*2(caii-r^pMm 

[0 02 7]-€-L/-C. Xy^>^CCj:-5t:M<bfil 3^ 
l^*U/c?g. 1^3 (a) ^^-rJr^OC. ^ixf^^V 

+ji/^3 acDaD5ic->»;a>@$^tKi 4^?f^i?S;*r^o -e 

§81 4a?:?fJ^^^o ^bT, giPSR 1 4 a 1 x 

(Dm^. ^ 1 xfd7 + ->-i';l')a3 aO^ffltCtt, SEtXIi 

[0 02 8]}Kl>T. x-^^>i3^«:<to'CK{bSl 4 4 
|^*L//dt. 1213(b) CCS^TJ:^^^. :^lxf^^>' 
•^Jl/)i3 aCD^M^. ||(l>'nS**ga^'y:3>:fcxb-^§? 
=^i^i^;l/^S3'ti:'5C<5:CC<fc«P. ^2 xf^+t^ i-;!/)! 
3b«:»J^-r^o tcfe. :4c5lfiS?&Sltcfcl^Tti. m2x 
t't$?^t/-i-;b®3 bCDi¥S(coi>t:fc. mixfc*:57 + t^ 
1-^1/^3 a ilBlfiliC. 5-2 0 iLin<D«EHrtW:a:^3n : 
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[0 0 2 9] '.Xl^f, 04 (a) CCTnfi^CC. 112 x 
t-^ ^ 3 b CCV 1 5 

TSo -&CD?^. gJiS^blSl 5CC*fbt::7* bx-^^>t5^ 

>@ 1 1 b i^tlt^U/cigaSPl 5 a4?f^fiXT^o 

IslgaPSISl 5 a;b^6ll2xf:^ + ^>i';m3 btCjt 

0 i-^mSb^ti. ^C)affi3&^e>T-fVU->'a>Jil 1 
3>Jil 1 b>&s}B^3nSo 

[0 0 3 0 ] ^br. x-^^>yccj:orM^b]ii 5* 

l^*L//dt. gll (a) tC?vL/cJ:^CC, m2xfc:-^ + 
>'i'-JVB3 bSO*T-rvU-"f>3>Hl 1 bCDaffiCC-> 

v=j>^^bia^o^>*-^e>'^-^i^3»ii5 4fl^^-r^o ^ 

<D"ik. C(D^^':'^'^-^3>P.5tCStL/t:7^ bX':i;5^ 
> i^Jgrtf I ^ »>r i^-'^c - *y 3 >IS 5 tC BUf a» 2 X f ^ + 
i^i';m3 b^cjffii-r^msps a. Ryfr><VV-i-' 

JO 3>® 1 1 btcaii-r-^gapsps h^mf&t^o 

^2xfa'=^i^-i';H13 bCDSffl®. ROfT^fVU 

-i^3>@i 1 bcD^HiBtc?^L/Tr;^^^•>'A(D;?^>'^* 

cnCCcfcO, m2xb-^=^>'i';VJi3 blCtiT-r V 
U--S:^3»ll 1 bi|JSi|i6$ti/cm®6*^«^3ii. T 
^yu-S>3>ai 1 btCt3:S2xfdJ + i^ + Jm3 b 

[0 0 3 1 ] L/tT&^ot:. c<0J:^(iCm^^tifcy :t V 
30 I C Hc^cJO-cti. ffi;t5U14tcj:ot:S3feSPl 2*5. m 
1 X ^^S^^- Jl/H 3 a5&^ 6 '£>§:*li <bm 2 X fc*^ ^ 
^'-»';l/®3 b:^)^«E>^i:^$3EJi<b4^tf!aM^3^ii^C^. 

S/Ntb/)^f^±b. h 1 C ICDiSfi^lpJiS-lt^C 
40 i^i^t^o 

[0 0 3 2 ] L/c:^J^'oT. *||jK}^^(C<i:n«ttTOct 

(1) S*S»1 2i&^^xf^4^5>-^;VJi3a, 3 b 
Palter. ffit5tli43&saS:5nTl>^o CCD/cA. 
1213:. 2o(DS:3fe^55>5S<*2(Di¥S:^[^icaiiSn/c 

gpi 23^5#JH*r4>-2>fcotctb'<r. t>-F 

2. T-<VU-t^3>lil la. lib. S^aiAil) 
tijy-V (S5fegBl 2) «b(DPBlC0«MlDli35)^it:^-r 
50 U/o&^oT. T-^-F • :^7V-FPa%ifttiS5lc«Sfe 



(5) 
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(isem*) 3!»5jr*:-r-5. c©7 ♦ m c i 

[0033] (2) »lSy^2xe5J+*^ + ;H13 
a. 3b<DJf$«, 5~2 0 ymCDlEHrttC^atlT 
li^. C©/csb. |Uxfdi»=<^J^-c;U)13 a. SbtcJfr 

;Hi 3 a . 3 b ©JIS (Ciag-r i^^feffliKtoeT^rlSII 

[0 0 3 4] (3) *^J&!l|-e». S(*2tCT-fVU 10 
-S^3>lgl 1 a. 11 b3!»J?15RR3in:c>«>/c«>. 01 

Rlfm2x.t:i'=^i^i')\^m3 a, 3 btctei-?iT-f y u 
— >3>®lla. 1 1 btCfflSn;^cSP:9-47* 

VU-Jx3>Jgl 1 a. 1 1 b©i1-g|J«:. («»J 

[ 0 0 3 5 ] fefc. <L<om\ ^vsBmm-r(oj^ «ca: 

• firiajISSJ^.^-Cli. Sxf*+->i.Jl'Ji3 a. 3 b 20 
tc^fL-CfflXJtcr-f VW-Sxg»ii la. 1 1 b*J^ 

U— i^3>@l la. 11 b*. IS2xb"3'+i^f ;Hg 
3 b©affi*>^)»*2 tc^-r-ST-f VU-i'a l^B 1 

ma. *-r. (a) K:^-rj;^cc. «f*2©as(c 

^lif$+J^i.^WS3a*?&^L3tfl&, Plifi'+i' 
-cJl/gS a©*ffi{cS£tSte4?:ffJ^S-r€.. i^OT. 06 
(b) tc^^J:5K:, ll2xfdJ^'Sx + ;l/H3b4)KfiS; 
■rs. -'e-L'-c. S6 (c) (C7i^-rJ:^«:. lS2xtr4r+ 30 
+ Jl'J13 b©«[B*'*p»*2tCjl3i-r-5r-<VU— > 

3>® 1 1 *fl5RS:-r^. 

[0 03 6] C©J;^ K-rn«. 01?IJSff5lg©7* h 
I C 1 ^Yc^Xl^JM.^Wm.tZ, C t3!)J-C*4. 

h 1 C{C:ai*'(tL.ycm2^tfe?^fil*0 7ao'08 
-5. 40 

[0 0 3 7 ] 117 (a.) icTTifjz^dc, :^mmmm(Dy 

* h I c na« 1 ^mmi&(oy *h \ci om^ 

icm^-C. S2xf^'+-> + ;V/13 b©*MtCpM*^ 

[0 03 8] COffitX^l 6«. T-rvU— >3>lll 
1 btciijiLTJfJsSSn-CC*^. 3;?c. (SJItftUi 1 6 «: 
I*. 137 (b) CCfcflt-li-ji^f Jr^JtC. S»16a*SH:W 

L 2 (ca:3£3 nri,^ m^gp 1 6 a (ifllBmS 
eiSPfEE-rSfitStCtai^^ibtx-CliS. l/fc*l-o-C. 112 50 
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xt•^^+*^+J^M3 b«. 6 a*je> ©wastes 

L2li. 12. 5yinKi9:S$n-rt>^>. 
[0 03 9] iXtC, *^ite?f$«g07 * h I C 1 ©MiS# 

Jicc-ociTijiBj^S. ^-r. B5l2mi^£jeSstcriE-< 

T. 04tc^r;b/c~>';a>mBil 5*l^*L/dg. S 
8tC7i^TJ:^>tc, |^2xf5J+->i';l'J13 b©asic-> 
•;3>K^bIlil 7«r3Bfi5frS. -e-©^. ISISf^tlS l 7 tc 
?4b-C7* ^x•:,g=•>y?^^f^^:<bc^:J:o■c, K^tMi 
7 tCfr^Jfilfe® 1 6 trnmUfc^aSa 1 7 a i:BfS.r 

5. i^l>T, BanSBl 7 a*'P.lg2xf3»+*^ + ;Hi3 

S^«:-?-©;^':7^;£?8i}£tfe3-&-5. C:©ite^> m2xf 

if + ji/e 3 b ©^ffltc li. ffitjul 1 6 mm s n 

[ 0 0 4 0 ] VX. X r:; i/K J: -^xmtm 1 7 * 
mi (a) {CjSL/itJi^'tC, IS2xf4ir + 
i/ + JHS3b. T-fVW— >3»B1 lb. SCXitftSOl 
1 6 (OmmiCiy >; :a >MtBi«?©>'^* 3 >M5 

^mi^-r^. *©t*. C©^<-^i^--<:— >3»Si5K:ML 

T^* hx95^>^/!&m^ ^^•5'^^•^-^^3>S5tcM 

iail2xf^f + t'-i';l.®3 btCiljif s§fna55 a. s 
c;r-<VU-^'3»il 1 btcjlji-rSgaPSilS b«rJ^ 
HETS. ?XUt?. 02xe*:<=2^ + ;l'JB3 b©15a®, 
RO'T-f VU-S^3>®1 1 b©S!±;iS{CS*L.-CT;U5 
X .j; A©X 1? >; > i/* /t«S^#4tf o /cf*. 7 

6, l^MltZ-r^, Ctiicj:"). ^2xf5»+-> + ;l/® 

-fy U-->3>^1 1 btcl3:|ff2xf^'^^i^i';m3 b 

[0 04 1 ] btc-f)ir>x, £:©J:'5ic^fiSS*^!fcy* 
ICnc*Jl^X«. ffilJte4tcJ:-p-C§7feSPl 2*i. 0 
1 xf^r + j^ + iVjaa a*>6>S:-2)S3feJB<!:ll2xedi + 

C©fc4?>. BiflBtiEi^©-?* b5^-f:*--F5 1 J:0 4>ry 
-K<!:*y-F<!:©SJ^Mffi*J*fi:*C-r5. 02 
X f + ^W)! 3 b ©«M{C tJ tefttH 1 6 ^JJfJfiX S *a 
Ti,i-5,fcaif)> ry- K«b*V- F<!:©«^ffi?g*5J:<3li 

[0 04 2] S^cc. ffitiMi 6«:j:oraffi{csaiT 
•SSjtSPl 2©Ba7!)VJ\3 < ^crjTUS. C©/cto, « 
iBlCSm-r S T y - F i * V - F <!: ©S^gP^. ttj:t) 

tii-rss3tspi 2©-ia©«3*iL2(cig:3£snt:i» 
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[0 04 3] cne)CDJS*. S/Nlt;??U»9lSj±L/. y 

(3) tciBi£<D«!j*Ccm-C, fe(T©J:^^j:5a)l^«:»«> ^ 
[0 04 4] (4) Il2xf^ + Vi^;l'»3 bCD*MK: 

;i/B 3 b tffititii 1 6 to^-^mmmm. ry-v - 

[0 04 5] L)&^fc. 2/c^ll2xfc-tS?+'>-fr 
;l/JB3 b use bfciK 

[004 6] crih(Dlf^^. S/Nit^<i:Ol^±$-ti^ 

lai Htcmr^ii^xmrn-f^o 

[0047] 119 (a), (b) 

2 2. S3feSP2 3, >'<*:;i^-<-^'3>lS2 4. RCX2 0 

[0 048] »t*:22l3:, ^ 1 UTCOS 
(1 10) (DnSm^St^';=3»&^6^J^^Sffi2 2 
ai. -^(0S«2 2 aOaS^Cxf^^'>-t';l/^S:gU:j: 
0 ^ 3 n /c n U n > 6 ^li ^ X f ^ + 

;UJ12 2 b i3!P6«0J3nrii^o 

[0049] S7fesP2 3 1*. ymmh^^m (twjs* 

B) 2 3 a. ±WIiA§7fe^ (±ffliJS:3tB2 3 b, Sii^f 
fi:tfcJi2 3 c^ffiA-Cl^^o SI12 3 a-2 3 c». * 
n-^niB22g«M*3>(*i: brcOpM#*SS^"J 
i-^trffJ^Sn-CU-So Tffly§^J12 3al3:. S<g2 2 
a<J:xf:S?^S>i'jm2 2 b t<DW*<MWi^tcr:\^^^. 
±ffliJ^JS2 3b«. xf*=^->i';l/Ji2 2 bcO^SCC 
aiasnri^^o 09 (b) R:7T^-r^^>CC. SS3t:il2 
3a. 2 3 b 13:. ^ti^fiWmUX-m^^^ L 1 
SSn/cBSiE:&?^%ncL/rii*. ittfc)12 3 cii. & 
S3feH2 3a, 2 3 bPeltcaiilLT^fifS^nrc^^o J^d: 
4c5. H9 (b) "Cti. .^s v^^'<-^^3>li2 4&t;^m® 
2 5?:^BSbT7j^b'C*'So 
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[0 05 0] M--^Sy^--->3>li2 4«. 

;vii2 2 bo«McjfJ^$nt:c^^o rsct)-^. xb'^j? 

+->-t';Uil2 2 b(D*Wi. 7N-'^->'<-t/3>S2 4CC 

2 5 3&^jg^3nri>^o c(Dm@2 5«. xf^^+s^i' 

;VI12 2 b <»:tfe»U/c4fc®'Cl£»H2 3 c 
C^^o Sffi2 2a<DRBK:«Sffi2 6:5»SS^Sn 

[0 05 1 ] LfiiT&^-oT. CCD<fe^Cc«^Sn:fe:7* F 
S^2 3*5Ty-F<b:^ci:*3. Sft 
22A^:^V-Fi^c^c CO:?* F^-r^-F2 1CD1IE 

fflB#tc«. sm@2 5. 2 etcmag^o^iii^sn^. 

Til^mffJb^Enfln^n^. CCD4X«|-CT^-Fi:^y- F 

bxmM^t)^^cx. T^'-F • :«7y-Fracci£ma£ 
[0 0 5 2] ;xtc, :^mmBmoy* F^>r:t'-F2 i 

miO (a) tCTj^Tii^tC. S<S2 2 a(0*ffitc>' 
t;:3>K^tl!S2 7^JB^-r^- -e<D». S?<kJi2 7CC>t 

7 CCt5iBTWJS:*B 2 3a <i:>i*jSb/cgapg|i2 7 a JgrJl^ 

[005 3] ycC^-C, Si 0 (b ) tCTj^-TJ^-^JCC. 

2 2 atc**L"r-Y=t>aA^tc<J:-:>"CBaPSP2 7 a;5>>e> 

COSg^. S:K2 2a<D^HCDfl^3£«li*tCTfllS::?feIi2 

3 a3!^ftJ^$n^o 

[0 0 5 4]JKl^T. J:-^^>^^J:orM^tlS2 7^ 
l«*U/dS. 011 (a) Cc^TJ:^Cc. nM**S^He^ 
»j =3>%S^2 2 aO^®&Cxt:-^=^>'i';b^iS;6$-^i^ 
Ci^cj;«9. xt:-^=^i/i';l^B2 2 b^^^JfiXT^o -^CD 
SSm. TiSlS3fe»2 3a*«S«2 2aixf:5r + t/ + ;U 
B2 2 b <h(DrBltCtii?)i^^^ii^ct*:^<h3^ci:^<i:ifc^. S 
«2 2 a 6 Jit:3i=^^i^i'JbB2 2 b <b;^^^e)^J:^S1*2 2 

^)\^m2 2 h<Om^\t. 5-^2 0 jLimCCS^Sn-CC* 

[0 05 5] iX^. mil (b) ^7j^-rJ:^CC. xb'^ 
:*^i/i.;l/]i2 2 b<Damv';n>M^tJ!S2 S^ffJfiS'r 
6o -e<DfS. ca:>K{k02 S^^tl/T^:* Fx-:; ^>:^' 
^:^f ^ C <?: ^Cct . mmtB 2 8 CCgiJiaJtlftB 2 3c 
<b*tlt;L/fcBang|52 8 a?:je^"rS. -eLr. CcpHD 
SI52 8 a^^^xfi$'=^f^-f>'UJi2 2 bCC*fLt:. >r^> 

50 JftffitftS-li*- CCDS*. xb-^+'>i'Jl'®2 2 bCC 
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3 c*5f5SX$n«.. 

[ 0 0 5 6 ] yict^-e. X5»g^>yK:J:r>-CK<tJg2 8* 
SI 1 (c) {C^-Tct^tC. 

jm 2 2 b ©affile , ifj/-> u =1 >M{bM 2 9 mm-r 

^rtf ^ C <t tc J: -5 -C . |Hj®?{ bM 2 9 «: Butfiiffl'JSJtJl 2 
3b<i:*t^LfcranaiJ2 9a%?gfi)!;-r2). ^UT. C© 
iaPSI52 9aA^e>xfif+i^i.;l/®2 2bK:«L/-C, ^ 

ccB, -?-©^ffi*^p>ffit5ai2 3 c«:iiar*±fliJS3i&ii 

2 3 b*i3gfiXdnS. 

[0 057] -tUT. X5r^>i'K:J:orm{klS2 9«: 
i$*UfcfS. 119 (a) {C^nL/cJ:^«:, xt^J+t/i- 
2 2 b S0f±iliJS:7t:)l 2 3b V 3 >®(ft 

mm(DJ-iyiy^-i^3>i^2 4^mis.n. -e©m. C , 

t\ -y iy^-iy g >I1 2 4 4C«MSe±ffiiJS3tJl 2 3b 

{cja®T.SBinsi52 4 a*?BfiS-r«>. ;xt>-c. Jipjs^t 20 

S2 3 b©SiaStC*fL.-CrJl/S-'?A©>^y<-y 5ry> 
§36)82 3 bK:«xe5r+i' + ;UH2 2 b ifiSteSiafc 

m®2 53!»5ef^sn-5o 

[005 8] Ltcifi-oX, C:©J:'5Jc«fiX3iafc7* h 
y-f:*--K2 1 CC*JtiT«. Sf*2 2F«9tC2 0©S^)B 

2 3a. 2 3hf)i±TK.mi^*t3^tiTdmm^nit^fJih 
■ci>5. c<Dtcit). mUM^oy * h^'<^~\'5iJ: 

<IJ. tiliBtie*©^* F-i^Y3|--F5 l{ct>Ci-ClJ§:J6 
955 3 ia«5 2 i©«fij!gP*5S3feSC5 3 ©TS/cWt: 
*-3/c©lC>Ctbr. C©7 * h^-Y*-F HCfcC»T 
«. TfflS7t)12 3 a©±MtcSDx-C, im®2 3c© 

nmm. Rz>±B\^^m2 3 b©T®ts«i2 i^M-r 

-5. C©yc8t). •€-©«MMa«i^3fgfifi[it;*:-rSCi 

i**. ioT. 3t«ds (jsRSsat) ifi^tiist^^iz 

i^-f F 2 1 ©iSS** 3 {SSSl6l±-r S . 
[0059] L/fcJ&SoT. 2ti^lJtSJi5!S«:j:tiW. BKBSr 40 
1 SISfeJ^^tc*sl-tS±tB ( 1 ) , ( 2 ) iCfE4S©5^!U6tC 
mr. ttT©J:'5^J:?8!l*^rt#*Ci*s-C*?>. 
(5)S*SP2 3». Tffll«3fe@23a. ±ffliJS3tB2 

3 b. R^fVmmZ 3 c*>e.^c-5)IS®«3£i*tcJ;-5r« 
^Snrui,. -eU-C. |S]§3tg|32 3«. ±M§7tJi2 
3 b©±®*SSi±i3-l±/c1^,1|-C»(*2 2rt«:a^3nr 
l,^*. C<Dfcit. TffJ«3lfc®2 3 aRiyfl£fiSe2 3 c© 

mi±m t . ±iais3t;ii 2 3b (orm t ^mt 2 ic«m 

©glMffiffiiJei^S-tS-SCiJii-rt^). J:oT. ^emSS 50 
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=fei*:^3-a-rs/Ntb*itij±3-i*-5c<k*s-c*. 7*h 

i^-f :t- F2 1 ©!Se^rS)±3-a-2>C tJtl^t?**. 

(ll4llteJi>SS) iXic, *^?a©*2ll«^7* hf^^w;^ 

=&7 * F a^-f :j— F(C:^<*<bl//c»4IISSftJSI*iai 2 

SD^'Sl 3{cS-:3t,i-cUiB^-r2.. ^£te> *»tem^4cte 
l,»TB. ll3**feJfJSI<i:ffi@^^..'^,=S:£tCiE'^. ^MT 
S,^.K-Dli-CBI^-gP1vt#-^?r«^©*«t L/-r^©SiBJ 

(OO6O]012 (a) Cc5^-r J:^{C, :*:*^JfJ^© 
V * V¥^^-Y2\ «. «irie^33«SJ&SI©:7 * F 5^ 

'^*-F2 i©«fi5E{cfti^t:. WBextr3i#*^-^;wg2 

2b©affi{C, $6tCxfJi + i>-i';Vja22 cSCXieti 
B2 3 d*iJ^fdE$tifcfc©-C*-S>. 
[0 06 1 ] fi¥L/<«. IBI0«:5^-rJ:5CC. »f*2 2 
ti. l9i5Sffi2 2a, fTIBx f^^ + i^i-jm (Hlxf 
^^iy^)\'m) 2 2 b. Siy>'^2xf5r+'> + ;l/S2 2 

#s^+;ua^(**m-cti.S. m2xb-5?+'>i';i'®2 
2c«, nM*ifeSi";:3>^mi xfir=^'>i.;H12 
2 b ©affitcx f 3^ + 1- ;HSS 3 1± 2) c i {c J: -o rjfj 

tiXsnrui. c©fc8f). iiri2J;fflijS3iyB2 3b». m 

1 xfif=^=i'i';l'a2 2 b <hm2xf5' + i' + ;HB2 2 
c i©ratCii^3n/cl*,®<l:^C-oTtiS. 
[0062] $3tSB2 3 «. Tffl'J«3fe)12 3 a . 

±fSJS3t)12 3 b . m.fm (TJIiJietftJl) 2 3c. RO' 

±mmim23 d*>^«fi)isti-cc»s. ±wMftite2 3 

d». ie2Xfc:df + Jx+;WJg2 2 cKfcU-C. igxtr^r 

=^^i^i'ji';i2 2 c^ffi*»*bJiffiiJ§3t)i2 3 b(c^iiu-c 

JfJfiSSnrii-S. C©±ffiiMtJ(S2 3 d«. Ell 2 

(b) K:*-rj:^>tc. ^ffitST?BSiE:^j^%%b, -ia 

*iS3L2iC^S3nt:Ci-S. S/c. p]±ffliJffiftitJ12 3 

dtt. iiiiemS2 5iMJcE-r-5iiaccm3nt:tiS. 
L/yc3!»5-j-r, Sfr2xf5»+->v;m2 2 c©*®«:«. 

±Mtj(® 2 3 d©;!*-*535tiibrmt!2 5 cc^-^snr 

t^2>. -rUioii. S<*2 2©^®tC«. §76312 3K:*5 
W^^S2 5 i©Si^gp©*?>*iStHb-ru.S. 
CO 0 6 3 ] Lft:*ir>-C. C©J: ^ CCfllfiS;^ iii^c? * F 
F2Ui. BtJfaB3il*feJKM<!:|S]»tC. §36^5 

2 3*ST^-F<b)i:i3. S<*2 2*5*V- Fi^I.2), 
Ur. C©7* F^-Y*-F2 1 (CS*U-C3KmiE*SEnjHI 

3 Hfci^m^Vr - F i * V - F <!: ©«^® iC36*5A84 
■rSi. ■e©36x^.;U=¥'-^®JR0rj£*5^;^?r^c 
r. T-^- F • *v- FratcjS»mijfo&sifeli-5. 

[ 0 0 6 4 } :^m.imm<oy * F ^''■Y F 2 1 

^xm^m:xn^. -e-i/r. hi i (c) tc^ufci"; 

n>K<blg2 9?rI^*U/cf*. 1313 (a) i^mtJ:^ 
(c. ^1 xfi»=f£^-p;l'j@2 2 b©^®4cse.CCnS# 
^B^'> y 3 >?:x f d» i. ;l-fiSg3 -l+S C <t {c J: 0 . 



(8) 

03 

l5lSj<fc)gi3 OK:friBJ;ffl'Mt5Ug2 3 d iStlEL/cggnSIJ 

3 0 a?:Jf5fi5?r-5, 

[ 0 0 6 6 ] ^XC^f^ COeanSUSO a*i6^2ifii' 
=^-> + Jl'a2 2 cKlJtU-r, •Y:i->viA^KJ;-o"Csh'? 

SSm. I^2if5t=t^->1'JV'@2 2 clC», •ewaW^'p 10 
±iiJS3t®2 3 bK:jljl-ra±ffiMt5(@2 3 d*5JtJBX3 

[0 06 7] ^L.r, x.v^>ifl<C^'oXmitm3 0=i: 
I^SUctS. 012 (a) iC7jkl,fcJ:'>(^. m2if5» 
:*^->i'^l'Jg2 2 cRyf±flWt£1fte2 3 dOaOStCfilB-'-f 

g >igi2 4 (CBjfiB±fiiJtttJc® 2 3d (caeir 

aggng|52 4 a?:?f5fiS-r-5. y^W^-C. ±ffliMlft)12 3d 
©Sffi®tCBiji2StS2 5=&JKfi£r«.. cn«:J:«3. ±ffl'J 2( 
S£t*^2 3 dU:«^2 xtf5' + i^ + ^l')12 2 c iPSSteS 

[0 06 8] L/?c*i^-r. C©J;^lC^R5E§n/c7* h 

a^-f:*-- F2 1 (cfcci-cij. mti-msmm^^^t^ 

tc. Stt2 2F«3lC2-3(DS3l£)S2 3a, 2 3 b*s±TK: 

W. n^^m2 3a. 2 3 b*5S^$2 2F*3icaa:$n-c 

±ffliJS3tS2 3b©±®ffla^:S*2 2i«^fij! 3 

[006 9] ^2xe5r=*^i' + ^l'e2 2 c©a 

MtCli. ±fflIffi;tJtg2 3 d©**S|SHiL./c«SI<!:^C-^-C 

c<Dtcit>. mmi>cnmri>ry-vttiv-irt 

©S-^SB^^v Tnt*3-^^2xe5r+->i.;l.®2 2 ct!£ 
tk)S2 3 d i©S-^g|5^©JlS3 'fiJSK^r^'CC**. J: 

oT, Bgm?3£©^s*fSM-r^ct*«-c#2>. 

[0 0 7 0] Ctxe.©**^, S/Ntb*iJ:'3|Sl±L/. 7 
* h I C l©!BS*sJ;'3I*l±t--5>. Lfct^-o-C. :$*tfe 
Jg«Stc«kn«, B9i3^SmJfeJ^Sgtc*5l:f^.±IB ( 1 ) .. 

(2) . (5) (ciB3i£©J9i*icAn^-c. )iiT©i^^£^ 

[0 07 1 ] (6) S5feSP2 3(3:. m^^lKSPi L/-C© 
±ffJi£tfeS2 3 d©;5>ii»5||2itf3?+i^-frJH12 2 c© 

^micnm^titcim-c. s«:2 2rt teases n-rc» 

C©fcis?)> ±m:*Ji2 3 b©±®ffliJ'b:^?V-F/c 
-5m2xf3' + ->i'JH12 2 c(c^3-tiSCi^-C# 
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;»;-r2.^i:«t). l!riaSS3^Jf5®©7 * b it^*- F2 1 

[0 07 2] fiiB»3jltS&ffiK:J:b'<-C. ^2 

x.\iii^iy-f)VmZ2 c©«®K:SffirST>'- Ft* 
V- Ft©S^BI5»**?lSi!>-r'5fc*, B§«fifc©a&S% 

[0 07 3 ] cn6©iBm, S/Ntb^rJci^l^iSit?) 
ciAS-Ct. 7* F3^-^*-F2 l©SiS%J:0lSj±3 
■l±^Ct*^-Cl?.2.. fiH, 3p:^W0r^JSJ^«»fclT©i: 

[007 4] • frSB^ 1 RC/^2llJfe3i5Slt?». ^ 1 
Raf||2xfd' + i^i';l'B3 a. 3 b e> i^J: 2.§3fe® «: 
J;-2>fSIH*?:S*SPl 2<!:L-CfflC»ri,»«). 
l*. ^SP1213:. 2®©a)if**'?>«tfi£^*^"^^<'»*. 

m«Sl 4tC73^-rJ:^K:, ^2xf5'+i/ + Jl')13 b 
©^ffitC^3xfd' + i^-i'^l'®3 c*3^«:?fjfi£-r*<!: 

»ii 1 cRyffitses i^m^r^. ^ur. c©ii 

i*«:j:-,T:«5feS|Si 2«:i«fiSi;Lt:tJ;(,>. c©J:^cc-r 

n«. 7 * n ci ©s^!®fi[*s e>(i:i6]± 3 t 

[007 5] • miB^ 3 RZfm 4 ^ifeffJ^TW . T« 
Spfe®2 3 aRiyt±WS3fe)12 3 bicjcot 2)1©SJ1 
^*itt*S3t^2 3*ffll,»-CI,>«>. UitPL/. C©$3feS|J 

2 3«, 2e©!i)H*ici!ge.^£i^, m^itm i 5«:^-r 

J;'5tc. ||2xf^' + 5^i'^l'B2 2 c©^a(CSP>K:$ 
iO 3t)12 3 e^rJBfiS-rS, ^t-C. C©^B23e?:# 
tj3)l©!S^i*tcJ;^-CS?feSP2 S^^fiSUrt 
C©J:^K-rntf. 7* hdr-Y*-F2 l©S*®iS?: 

4 JlKUi©aiH**' l'"^ *2 «fc 
[007 6] • frlB^ 1 RO'^ 2 ^Jfe?f5^TW. 7 ♦ 
h 1 C Ucr7* F=&Jf^fi£0-CC='-&, 

K2 1?:, 7* F F7>i^X^«::irl*-fbb-CfcJ: 
40 ^ifc. 7* F F^>t?:^5f«C|Re>-r, P1N7*F 

[0 0 7 7 ] • luiB® 1 Ri^n 2 nife^es-cK, m 1 

a>, ^2^aiM^|S3?{**nl!*ifell->'J3>it-C* 
i^'Ibu-cfcJci.^ 

50 [ 0 0 7 8 ] taS^ 3^0^31 4 ^J^JS-Ctt. » 
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1 mmm^mi^^ p m^sSb^j^ 02 3i«sa^|£3i 

CO 07 9) • mriB^3;Riy>'^4ii*fet5?Jtctewsa 

«2 2ait. myHiL (110) ©»««:R&^3n4t>© 

T»<tt,^. -r&tj^. m^itt (111) ( 1 0 

[008 0] • S^@6, 7. 2 5. 2 6 ^J^JjSr €> 

[008 1 } • mU^&m^BBVit X f + V + ;H1 
3a~3c. 22b. 2 2 c 5 ~ 2 0 u mtCSS: 

^L-Cl,^5*S. C©;9*»1~3 0/inKOi£fflF'9T*n 

[0082] ^>:{c. #s¥B9*©®H«:5E*83ti/cSEa5e«) 

(1) Sll*^2tCfiS«S©i|^<*'7* l-f'''^-^;^»C*Sl,> 

®<!:l§i^©:^tstcisS2nt:i>sc t, c©^KJBWS 
mil) ictm<ommv:j:tni, imm(Dnim=e:nm 

[008 3] (2) lS*Ii3 0Cie«S©*aSi*7* h^r 

t. 

(3) wmA^ctzWDmmWy* V'f^-i-<:^ic%s<'^ 
X. Biriami^ms^|i^(*«nM*^<**^6^co. mjiB 
m 2 iss^iii^m* P ^¥jst^*> p, 4 c <t . 

[0084] ( 4 ) fi*Ii 1 ~4 > tJ'ci5e<].lL« ( 1 ) 
- (3) ©l,^-rn*>l JMICIBSS©-^*^* 
tcfcur. :7*hd<'-r:t 

■?-©fc©r&.2.C<!:. 

[008 5] (5) ig*Iil~4> et't^iflWa'a (1 ) 
~ (4) ©l,>-rtl*» 1 mtEtS©*^»7 * hT'^N'-f;^ 

tcfei^-c. iina3riRcxsi2»msa*3H*«. 

[0086] 

[|6?g©^m] JiLhSmO/ci^lC. 18*111 ~ 4 KIB 
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[008 7] 11*112 tCiSl£©^B^K:J:ni*. BfmiS© 
[Elffi©S#WJ] 

[^1] (&) u:i^mn<o'4mi^y * y'f'^'{::^^v * 

10 [S2] (a), (b) «. IHJ^JSJ^S©:?* h 1 C© 
S!ji#IIIi=&^-r»rBD0. 
[E!3] (a), (b) IJ. l5IIISfi?BSg©7* b I C© 

me] { a ) ~ ( c ) mnMBBfDV * b I c© 

[^7] {&) um2^mm(Dy=tY\c^9r^-twm 
20 H, ( b ) {mms>mm>y * v i c©^Mia. 
m 8 ] ig)ii»&^ss©s^ji^jie«r^-rit>rsis. 

[EI9] (a) «;*:|£BJ©^f*:7 * ^7='>'^*-^';^^:7 * 
h iJ^-fah- F«::P:<*^tL?c^3XJS?&9S*'J^T»rS0. 
( b ) »I§1^JKSI©7 * h i'-f F©^BSaS. 
[010] (a). ( b ) «. (^^J^«©7 * h d^-^ 

F©IS^^JlK€:^-rttrS^. 
Cia 1 1 ] ( a ) ~ ( c ) »> I5l3«gj^«©7 * I- y-Y 

K©$ijjt#)ii*^s-r8ff®0. 
[012] ( a ) am^mmnmcoy *h^^t- 
30 s^f Wfffiia . ( b ) \immmBm<oy *vit-<*-Y<o 

[013] (a), (.h) vs., mmm^<oy * V a -< 

mi 4] :$i^m<Dmmwy* hf^^^c^^y* h i c 

[015] *^BJ©*2tf*7* hr-''i'<X^y :t v^^ 

[016] {a.) \%U^<D^4m{ty * Yf^-^-C^tl^X 
<Dy ^Y^^t-Y^ThtW^mm^. (b)W^©«l 
40 IIIS7^0. 

[|?-^©ittBJ] 

l--7*hlC. 2. 22-S(*, 3-Xf^:^^i^-i';U 
fas*. 4-ffitJl)l. 3 a-»l xf^f^^^ivi-JUg. 3 
b"m2xf:}' + ^'-i';l'@> 11. 11a. 1 1 b-T 
^-yU-i^g^il. 12. 23-S7fegI5- 16 -tetX 
^. 2 1 •••7* K. 2 2a - »«. 2 2 b - 

(HI ) xt:i» + ^'f;ua> 2 3 a-T»JS5t®. 23 
b-±i!|iJS*)S. 2 3 c. 2 3d-!£t5as. 



(10) 



!|#gB20 0 1 -5 3 33 0 




!|$Pa2 0 0 1 -53330 



[g|4] [1^5] 




(12) 



!^^2 0 0 1 -53330 



[08] 1^9^ 
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